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THE IMPACT OF ANESTHETIC MANAGEMENT ON SURGICAL  
END-TO-TRANSPORT TIME FOR PEDIATRIC  
DIRECT LARYNGOSCOPY AND/OR BRONCHOSCOPY 
 
JAMES LIU 
ABSTRACT 
Introduction: The anesthetic management for pediatric patients undergoing 
direct laryngoscopy and/or bronchoscopy (DLB) is administered based on the 
anesthesiologist’s preference.  
Objectives: The preliminary analysis of this study aims to identify variables that 
decrease surgical end-to-transport (SET) time and directly impacts patient 
outcomes. SET time is defined as the time of surgery end to the time of patient 
exit from the operating room. 
Methods: After IRB approval, all DLBs performed at Boston Children’s Hospital 
(Boston, MA) by the Otolaryngology Department from June 2012 to December 
2014 (n= 2419) were obtained from the Anesthesia Information Management 
System. With a 0.05 level of significance, a multivariate logistic regression was 
performed in SAS v9.3 with SET time as the dependent variable and surgery 
duration, age, gender, ASA status, airway device and extubation status as the 
independent variables. Airway device and extubation status were found to be 
moderately predictable of each other, so separate models were conducted.  
		 vi 
Spearman correlation testing was performed to evaluate the relationship between 
SET time and post-anesthesia care unit (PACU) duration. 
Results: We excluded cases having ASA classification >2, age >21 years, 
regional nerve blocks, tracheostomy, nasal cannula, or unknown airway or 
extubation status. Remaining cases (n = 967) were arranged by SET times and 
dichotomized by the median value (14 minutes) into two groups (≤14 minutes 
and >14 minutes). After adjusting for other variables, we found that patients with 
an endotracheal tube (ETT) were 4.85 times more likely to have a SET time 
higher than the median, as compared with to those having with a laryngeal mask 
airway (LMA) (p = 0.0023, 95% CI: 1.76, 13.33). We also found that patients with 
an ETT were 2.89 times more likely to have a SET time higher than the median 
compared with those having a mask airway device. (p < 0.0001, 95% CI: 2.09, 
3.98). In addition, there was a weak positive correlation between SET time and 
PACU duration (r = 0.09406, p = 0.0069).  
Discussion: Preliminary analysis indicates that airway management has a 
significant impact on SET time after adjusting for surgery duration, age, gender, 
and ASA status. The use of either a mask or an LMA resulted in a lower SET 
time than the use of an ETT. The correlation of SET time and PACU duration 
suggests that reducing SET time does not negatively impact post-operative 
outcomes and may even be positively, though weakly, correlated. This study is 
limited by its retrospective nature. Future analysis will include the evaluation of 
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commonly used perioperative anesthetics with dosage and timing variables and 
their correlation with SET time and patient outcomes. 
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INTRODUCTION 
 
History and Overview of Direct Laryngoscopy 
Direct laryngoscopy is a common procedure that allows for the 
visualization of the upper airway structures, primarily the larynx region above the 
trachea. More important in terms of airway management, direct laryngoscopy has 
been used as the conventional technique in performing tracheal intubations for 
almost a century (Collins 2014). Alfred Kirstein, known as the pioneer of direct 
laryngoscopy, first developed the “autoscopy” with an external light source in 
1895. Starting in 1903, Dr. Chevalier Jackson improved on the direct 
laryngoscopy technique by adding a distal light source for better visualization of 
the oral cavity and by suggesting a supine position for the patient to allow ideal 
head and neck positions. Previously, he examined patients in a sitting position 
with the neck and head extended (Pieters, Eindhoven, Acott, & van Zundert, 
2015). 
The Miller straight blade and the Macintosh curved blade (Figure 1) are 
commonly used laryngoscope blades that provide proper intubation and 
visualization conditions for small children (Varghese & Kundu 2014).  The curved 
tip on the Miller and Macintosh blades allows for proper lifting of the epiglottis to 
reveal the larynx region of the airway as shown in Figure 2 (Doherty, Froom, & 
Gildersleve, 2009). Although the blade choice is often based on the clinician’s 
preference or training (Passi, Sathyamoorthy, Lerman, Heard, & Marino, 2014), a 
	2 
straight Miller blade is often more ideal for visualization of the glottis opening in 
infants younger than 2 years because of the proportionally longer epiglottis 
region (Gal, Yudkowitz, & Rothschild, 2013). 
 
 
Figure 1: Examples of Miller and Macintosh laryngoscope blades. (A) The 
top images show the lateral views of the Miller straight blade and the Macintosh 
curved blade. (B) The bottom images depict the view of the blades when inserted 
into the patient’s mouth. Image taken from Passi et al., 2014.  
 
Prior to performing a direct laryngoscopy, clinicians must review the 
patient’s airway history and perform an airway physical exam to evaluate any 
potentially difficult airway situations based on the American Society of 
Anesthesiologists (ASA) recommendations (Apfelbaum et al., 2013). Pre-
operative assessment includes performing a Mallampati scoring to identify any 
potential intubation difficulties. A Mallampati scoring is a noninvasive examination 
of the oropharynx structures. The clinician examines the size of the tongue 
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relative to the other structures in the oral cavity (Mallampati et al., 1985). 
Positioning of the head and neck in the “sniffing position” is paramount in 
performing a successful direct laryngoscopy. The proper alignment of the 
laryngeal, pharyngeal, and oral axes allows for an easy insertion into the oral 
cavity. In small children, proper positioning of the head can be obtained without 
head elevation because of the anatomical differences compared with adults and 
older children (El-Orbany, Woehlck, & Salem, 2011). After placing the child’s 
head into the sniffing position, the clinician can insert a laryngoscope blade into 
the right side of the anesthetized patient’s mouth. Upon visualization of the 
glottis, the clinician lifts the blade in the direction parallel to the blade handle to 
reveal the epiglottis region. An endotracheal tube can then be inserted to allow 
for proper intubation of the patient (Collins, 2014).  
 
 
Figure 2: Direct laryngoscopy revealing the larynx region of the airway. The 
diagram shows a cross-sectional view of a direct laryngoscopy. The 
laryngoscope is inserted into the patient’s mouth and then lifted parallel to the 
handle to allow for an unobstructed view of the larynx. Image adapted from: 
http://www.mountnittany.org/articles/healthsheets/33979. 
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History and Overview of Bronchoscopy 
Bronchoscopy is an essential procedure that is used in evaluating and 
treating pediatric respiratory symptoms. Flexible and rigid bronchoscopies are 
the two main types of bronchoscopy that allow providers to evaluate symptoms 
which cannot be determined noninvasively (Pérez-Frías et al., 2011). Dr. Gustav 
Killian, who was known for removing aspirated or swallowed foreign bodies in 
patients, performed the first rigid bronchoscopy in 1897. His insight and clinical 
observations paved the way for the development of the modern rigid 
bronchoscope. Dr. Shigeto Ikeda successfully developed the flexible 
bronchoscopy in 1968. By incorporating fiber-optic imaging into the tool, he 
developed a more flexible and versatile instrument that allows clinicians to 
explore further into the airway tract (Panchabhai & Mehta, 2015).  
Rigid bronchoscopy is still primarily used for managing central airway 
obstructions even though flexible bronchoscopy has become the main diagnostic 
tool in airway complications (Semaan & Yarmus, 2015). The rigid bronchoscope 
consists primarily of a long hollow tube with a multifaceted head that allows 
ventilation devices and various instruments to be inserted depending on the 
intervention. In Figure 3, the fenestrated distal end of the rigid bronchoscope 
allows for nonintubated ventilation and the multiple openings of the headpiece 
allow for lasers, suction devices, and forceps to be inserted into the hollow tube 
(Alraiyes & Machuzak, 2014). Because rigid bronchoscopy places a significant 
	5 
amount of strain and stimulation on the airway tissues, general anesthesia is 
required for the pediatric patient (Plummer, Hartley, & Vaughan, 1998). 
 
Figure 3. Rigid bronchoscope for managing central airway obstructions. 
The diagram shows an overview of a general rigid bronchoscope with ventilated 
distal tip on the right and multi-faceted head for instrument insertions on the left. 
Image adapted from Gal, Yudkowitz, & Rothschild, 2013.  
 
Since its development, flexible bronchoscopy has become more widely 
used and is regarded as the standard diagnostic tool compared with its rigid 
counterpart. Whereas older patients may need only sedation and local 
anesthesia for flexible bronchoscopies, pediatric patients require general 
anesthesia prior to the procedure, similar to their requirement in rigid 
bronchoscopy (Nicolai, 2001). The application of general anesthesia in pediatric 
patients helps to protect the airways from problems with coughing or movement if 
the level of anesthesia is too shallow (Dilos, 2009). A variety of different sizes of 
flexible bronchoscopes, ranging from 1.8 mm to 4.7 mm in diameter, can be used 
depending on the indication for the procedure. Thinner flexible bronchoscopes 
are more ideal for only visualizing the airway since they are too small to contain 
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suction ports or biopsy forceps compared with the larger diameter ones (Masters 
& Cooper, 2002).  
A flexible bronchoscope can be inserted transnasally (Figure 4) to bypass 
the obstructive nature of the tongue and allow for easier access into the trachea 
(Singh & Singhal, 2015). The flexible tip of the flexible bronchoscope permits the 
clinician to properly navigate the airway to perform a sequential and complete 
evaluation of the airway tract as shown in Figure 4 (Pérez-Frías et al., 2011).  
 
Figure 4. Flexible bronchoscopy for evaluating the complete airway tract. 
The bronchoscope is inserted through the nasal opening and can be extended 
through the upper airway into the tracheobronchial tree for specific procedures 
such as biopsies. Image adapted from: 
https://www.nlm.nih.gov/medlineplus/ency/imagepages/9986.htm 
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Common Clinical Indications for DLB 
Pediatric stridor is one of the most common indications for direct 
laryngoscopy and/or bronchoscopy (DLB) procedures (Nicolai, 2011). Stridor is a 
high-pitched sound resulting from an obstruction or narrowing of the airway that 
can occur at any level of the airway passage (Ida & Thompson, 2014). It can be 
caused by a variety of conditions including laryngomalacia, tracheomalacia, 
cysts, and even foreign body obstructions. DLB is effective in identifying and 
evaluating abnormal obstructive lesions that lead to stridor in children (Masters & 
Cooper, 2002). Recurrent croup, due to inflammation of the upper trachea, can 
often cause stridor and requires DLB to identify any abnormalities or allergens in 
the child’s airway (Delany & Johnston, 2015). Stenosis, or narrowing of the 
airway, is a result of atypical cartilage structures in the trachea or bronchial. This 
complication can lead to stridor if the airway weakens and collapses (Hofferberth, 
Watters, Rahbar, & Fynn-Thompson, 2015). 
Bronchoalveolar lavage (BAL) is an important technique used to provide 
information on lung infections and malignancies in children. The collected fluid 
sample from a patient’s lung can give vital insight into white blood cell and 
pathogen information for immunocompromised children (Meyer, 2007). BAL 
procedure is performed using a flexible bronchoscope to collect fluid samples 
from a specific lung region dependent on the clinical indication (Radhakrishnan, 
Yamashita, Gillio-Meina, & Fraser, 2014). BAL is useful in determining various 
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fungal infections, tuberculous lesions, pneumonias (Radha, Afroz, Prasad, & 
Ravindra, 2014) and even cystic fibrosis in children (Meyer, 2007). 
In addition to BAL, transbronchial biopsies are performed to evaluate for 
lung infections using diagnostic tissue sampling. Transbronchial biopsies 
performed by flexible DLB have been defined as the gold standard for 
distinguishing between a lung infection and an acute cellular rejection in patients 
with lung transplants (Faro & Visner, 2004). Although several samples must be 
taken to provide significant diagnostic yield, transbronchial biopsies using DLB 
are less invasive and result in less complications compared with open lung 
biopsies (Visner, Faro, & Zander, 2004). Even in small children, complications 
are rare and usually only involve local bleeding. Transbronchial biopsies with a 
flexible DLB are generally safe and provide adequate tissue samples (Salva, 
Theroux, & Schwartz, 2003). While pediatric tracheal tumors are very rare (<0.2 
per 100,000 cases), mucosal biopsies performed using DLB can provide valuable 
insight on the type of tracheal tumors that diagnostic imaging alone cannot 
deliver (Pugnale et al., 2015).  
 Foreign body aspirations are deemed a severe emergency in young 
children and can lead to accidental death (Singh, Ghosh, Samuel, & Bhatti, 
2010). Symptoms may appear immediately if there is severe airway obstruction 
but they may lessen with time and become unnoticed. Coughing, wheezing and 
recurrent pneumonia will become more prevalent and lead to more serious 
complications if the diagnosis of the foreign body aspiration becomes delayed 
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(Zur & Litman, 2009). Confirmation of the presence and exact site of the foreign 
body is determined using a flexible bronchoscope when there is no definitive 
diagnosis based on the child’s symptoms or radiological imaging. Although 
flexible bronchoscopy has replaced the rigid technique for many procedures, rigid 
bronchoscopy is often preferred in the actual removal of the foreign body. Rigid 
bronchoscopes provide both excellent airway control and a large and varied 
selection of instruments that allow for successful removal of many types of 
foreign bodies (Divisi et al., 2007). In most cases, the foreign object is lodged in 
the right bronchial tree because of its wide opening. The object is removed with 
special forceps attached to the rigid bronchoscope (Cutrone et al., 2011). 
Besides foreign body removals, rigid bronchoscopy is also performed for a 
variety of other obstructive complications including thoracic tumor removal 
(Hardavella & George, 2015), subglottic stenosis, mucous plug removal (Sinha, 
Gurnani, & Barot, 2014) and even hemoptysis (Karmy-Jones, Cuschieri, & 
Vallières, 2001).  
 Hemoptysis is a rare but concerning condition in which there is a presence 
of blood in a child’s sputum. It is often presented as a secondary symptom due to 
infection, tracheostomy-related problems, foreign body aspirations or vascular 
lesions (Patel, Uchida, Feola, & Meier, 2014). Profuse bleeding can indicate 
congenital heart disease or pulmonary arterial hypertension in the child and can 
be life-threatening if untreated (Roofthooft, Douwes, Vrijlandt, & Berger, 2013). 
While chest radiography can be used as a preliminary screening tool, DLB is 
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performed to determine the source of the bleeding in the tracheobronchial tree. 
Rigid bronchoscopy allows for proper ventilation and removal of blood clots. The 
bleeding can then be identified and managed with appropriate treatments such 
as antibiotics, vasoconstrictors, and arterial embolization if necessary (Batra & 
Holinger, 2001). 
 
Anesthetic Management of DLB 
As previously mentioned, anesthetic management is a challenging aspect 
of pediatric DLB because of the dimensions of the pediatric airway and the need 
for general anesthesia. Proper communication between the anesthesiologist and 
the otolaryngologist or surgeon is paramount in performing a successful DLB 
procedure. Prior to induction of anesthesia, physiological monitors are attached 
to the patient, including a pulse oximeter, blood pressure cuff, and 
electrocardiogram. (Cote, Lerman, & Anderson, 2013).  A child’s airway anatomy 
and physiology are significantly different from that of an adult. Compared with 
adults, children under 8-10 years of age have a proportionally longer epiglottis, a 
larger tongue, and a more anteriorly positioned larynx. As a result, the child’s 
airway may be more difficult to visualize and intubate. Moreover, children have 
higher alveolar ventilation and are more prone to oxygen desaturation and rapid 
onset of anesthesia induction compared with adults (Shariffuddin & Chan, 2014).  
 For induction of general anesthesia, inhalation induction with halothane or 
sevoflurane gas using a face mask is most common for pediatric patients 
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undergoing DLB. Because of its nonirritating induction, stable hemodynamic 
properties, and rapid recovery, sevoflurane is currently the most commonly used 
inhalation agent (Lerman, Sikich, Kleinman, & Yentis, 1994). However, a 
Cochrane systematic review (Costi et al., 2014) revealed that the use of 
sevoflurane alone for induction and maintenance can lead to emergence 
agitation in pediatric patients. In addition to emergence complications, an 
induction with anesthetic vapors such as sevoflurane can result in higher stress 
and hemodynamic responses compared with a total intravenous anesthesia 
(TIVA) combination of propofol plus remifentanil (Chen, Yu, Fan, & Manyande, 
2013).  
Propofol is an anesthetic sedative that has a smooth induction and a rapid 
recovery when combined with analgesic opioids such as fentanyl (Dutta & 
Shouche, 2013) or remifentanil (Berkenbosch, Graff, Stark, Ner, & Tobias, 2004) 
for TIVA. However, TIVA alone shows higher incidences of adverse events such 
as laryngospasm, body movement, and breath holding during rigid DLB (Chen et 
al., 2009). Induction with sevoflurane vapor followed by a combination of 
sevoflurane and propofol during the maintenance phase of anesthesia has been 
effective in providing a smooth induction along with fewer adverse events during 
DLB procedures (Chai, Wu, Han, Wang, & Chen, 2014). Topical anesthetics are 
used in combination with general anesthesia to allow for a safer and lower level 
of sedation (Moustafa, 2013). Lidocaine is a common topical anesthetic that can 
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be applied to the vocal cords and supraglottic structures to reduce coughing and 
bucking during the procedure (Gjonaj, Lowenthal, & Dozor, 1997).  
There are different airway devices and ventilation methods that are used 
to deliver oxygen and inhalation agents to the patient. Often, management of the 
airway depends on the preference of the clinician and the comorbidities of the 
patient. Because children need an adequate depth of general anesthesia and 
may have a compromised airway prior to DLB procedures, it is important to 
maintain proper ventilation and oxygenation (Pathak et al., 2014).  
The mask airway device is a common way to introduce anesthetic vapors 
and oxygen into the patient prior to the start of the procedure. It is a common 
method that allows the patient to breathe spontaneously (Cote, Lerman, & 
Anderson, 2013). Mask airway devices with spontaneous ventilation require a 
lower depth of anesthesia and allow for an unobstructed view of the upper airway 
areas including the larynx and pharynx. Mask ventilation is a noninvasive method 
that does not require the patient to become intubated. A flexible bronchoscope 
can be inserted through an adaptor on the mask to allow access into the patient’s 
airway (Murgu, Pecson, & Colt, 2010). For a rigid bronchoscope, a patient initially 
oxygenated through a mask will then be ventilated directly by the rigid 
bronchoscope through its ventilation ports (Pathak et al., 2014). 
The use of a laryngeal mask apparatus (LMA) has been well examined for 
pediatric DLB procedures. The LMA is an airway tube connected to a cuff that is 
placed above the larynx and allows for visualization of the glottis region through a 
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flexible bronchoscope. The use of an LMA requires a deeper level of anesthesia 
and is more invasive compared with a general mask. However, it is a viable 
option when an intubation is unsuccessful or difficult (Niggemann, Haack, & 
Machotta, 2004). The LMA provides stable airway control and improves 
spontaneous ventilation without the complications of intubating the infant 
(Bandla, Smith, & Kiernan, 1997). In addition, flexible DLB procedures using an 
LMA have fewer perioperative complications such as bleeding and hypoxia 
compared with intubation with an endotracheal tube (ETT) (Naguib, Streetman, 
Clifton, & Nasr, 2005). A meta-analysis on 19 studies comparing perioperative 
respiratory complications between LMA and tracheal intubations indicated that 
LMA patients have decreased incidences of coughing, laryngospasm, and 
desaturation (Luce et al., 2014). 
Tracheal intubation with an ETT is primarily designed to provide a stable 
airway and protect the patient from pulmonary aspirations. Direct laryngoscopy is 
performed prior to intubation to provide a clear view of the larynx for insertion of 
the ETT (Haas, Eakin, Konkle, & Blank, 2014). Patients are generally placed 
under controlled manual or mechanical ventilation after being intubated. 
Depending on the size, a flexible bronchoscope can be inserted through the ETT 
for diagnostic procedures in the lower airways. Patients being intubated require a 
deep level of anesthesia and may require muscle relaxants to suppress laryngeal 
reflexes and reduce the sensitivity of the mucosal lining during the invasive 
procedure. Although an ETT provides a secure airway for the patient, the 
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stimulating impact of being intubated can provoke sympathetic responses such 
as increased heart rate, hypertension and bronchospasms in patients (Durbin, 
Bell, & Shilling, 2014).  
 Even though difficult airways can result in a challenging ETT intubation, 
anesthesiologists must also decide on the extubation status of the child. The two 
types of extubation status are “deep” and “awake”. Deep extubation is when the 
ETT is removed while the patient is still under a surgical level of anesthesia and 
is not conscious (Kim et al., 2016). Removing the ETT in this condition helps 
prevent stimulating emergence complications such as coughing and airway 
damage due to laryngeal reflexes that may occur during an awake extubation. 
However, because the patient is still deeply anesthetized, there is a lack of 
airway reflexes, and the patient’s airway is not protected from aspirations or 
blockage. The child must be monitored closely and may have to be re-intubated if 
there is difficulty maintaining the airway (Baijal, Bidani, Minard, & Watcha, 2015).  
Awake extubations are generally recommended when the patient’s airway 
is difficult to maintain or when there is a greater risk of aspiration. During an 
awake extubation, the child is brought through stage II of anesthesia (excitement 
phase), regains consciousness, and can respond spontaneously to commands 
before the ETT is removed (Klučka et al., 2015). Although certain indications may 
require a specific extubation technique, studies have shown that there are no 
significant differences in perioperative complications between extubation 
methods and that the choice of extubation is often based on a clinician’s 
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preference (Baijal, Bidani, Minard, & Watcha, 2015; Patel, Hannallah, Norden, 
Casey, & Verghese, 1991). 
 
Variability in Perioperative Case Duration  
With the rise of health care expenditures exceeding $2.9 trillion annually 
and with hospital care contributing to over 30% of these costs (National Center 
for Health Care Statistics, 2015), research has increasingly focused on 
examining perioperative resource and time management in efforts to reduce 
health care costs. There is evidence that operating room (OR) time management 
(Dexter, Epstein, Traub, & Xiao, 2004), surgeon and anesthetic variability (Strum, 
Sampson, May, & Vargas, 2000) and patient characteristics (Eijkemans et al., 
2010) can affect the perioperative duration of adult procedures. Even though 
these variables have been examined in adult hospitals, it may be difficult to 
transpose these correlations to pediatric populations due to its extreme variability 
(Bravo, Levi, Ferrari, & McManus, 2015). Previous studies at Boston Children’s 
Hospital (Boston, MA) have examined how OR time utilization (Ferrari, Micheli, 
Whiteley, Chazaro, & Zurakowski, 2012) and variability in surgical duration 
(Bravo et al., 2015) can influence pediatric procedure times. Furthermore, 
Smallman & Dexter (2010) explored how optimizing patient arrival and surgical 
start time can affect overall length of stay.   
Although progress has been made in identifying certain perioperative 
variables that affect OR time, there has been little research done on the variance 
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in anesthetic management and its effect on OR time for pediatric procedures. In 
addition, it is unclear how this variance in anesthetic management may affect 
postoperative pain scores and the length of stay in the post-anesthesia care unit 
(PACU).   
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SPECIFIC AIMS 
 
Although current methods of anesthetic management have been well 
examined in several studies for pediatric DLB procedures, there is large variation 
in the choice of these techniques. Often, these differences in anesthesia 
techniques are based on the provider’s preferences and experiences. The goal of 
our current study is to evaluate anesthetic management variables for pediatric 
patients undergoing direct laryngoscopy and/or bronchoscopy (DLB) and to 
identify practices that lead to a consistent decrease in surgical end-to-transport 
(SET) time. SET time is the chosen metric for this study because it is a clearly 
defined time point in intraoperative duration that can be easily measured and 
readily extracted from data.  
Thus, the aims of our study are to: 
(1) Examine the impact of variations in anesthetic practices on the 
patient’s readiness to be transported from the OR to the PACU in 
terms of SET time.  
(2) Determine if shortening SET time has a negative effect on patient pain 
scores and PACU duration. 
From this study, we will potentially provide clinicians with useful 
recommendations for anesthetic management. With a shorter SET time, overall 
time spent in the OR will decrease, leading to better resource utilization and 
lower costs for patient and hospital alike.  
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METHODS  
 
Study Design 
This is a retrospective chart review study with no direct patient 
involvement. Consent was not required from patients and there were no 
treatments or interventions involved. The main purpose of the study was to 
gather and analyze data from previously recorded patient medical records, 
primarily from anesthesia records and operative notes. The patient files gathered 
were only for DLB procedures performed from June 2012 to December 2014 at 
Boston Children’s Hospital (Boston, MA).  
 
Data Collection 
After institutional review board (IRB) approval was obtained from Boston 
Children’s Hospital, all DLB procedures performed by the Otolaryngology 
Department within the specified time frame were queried from the Anesthesia 
Information Management System database. From these patient records, the 
Anesthesia Information Technology (IT) Department pulled demographic 
information including age, gender, date of birth, weight, and race. All anesthetic 
management and timing variables were recorded, including ASA classification, 
airway device, extubation status, surgery start time, surgery end time, and time of 
patient leaving the operating room. In addition, postoperative variables including 
PACU duration, PACU pain scores, and readmission rates were extracted. PACU 
duration was determined from the time of entry into the PACU to the time of 
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ready for discharge. Manual chart reviews were performed on specific patient 
records with missing or unknown variables from the initial data pull. These chart 
reviews involved manual inspection of the patient’s electronic medical records.  
 
Exclusion Factors 
Of the 2419 cases of DLB procedures that were queried from the 
database, we excluded all cases with ASA classification greater than 2 (n = 
1418) and reserved them for future analysis. The ASA physical status is 
assessment of the patient’s health that was based on its association with 
perioperative complications and outcomes (Table 1). The ASA status 1 and 2 
patients for this study were defined as healthy patients and patients with mild 
systemic diseases (such as obesity and mild lung disease) with no functional 
limitations (Wolters, Wolf, Stützer, & Schröder, 1996).  
 
Table 1 ASA physical status classification of patient’s health. ASA status (I-
VI) and associated definitions are based on the assessment of the patient’s 
overall health. Table adapted from the American Society of Anesthesiologists - 
ASA Physical Status Classification System, 2014. 
 
ASA Classification Definition 
ASA I A normal health patient 
ASA II A patient with mild systemic disease 
ASA III A patient with severe systemic disease 
ASA IV A patient with severe systemic disease that is a constant threat to life 
ASA V A moribund patient who is not expected to survive without the operation 
ASA VI A declared brain-dead patient whose organs are being removed for donor purposes 
	20 
Cases with patients over the age of 21 years old (n = 3) were excluded. 
Cases that received a peripheral nerve block (n = 15) were excluded to reduce 
confounding factors. In terms of airway devices, cases with tracheostomy (n = 4) 
or nasal cannula (n = 3) were excluded since the number of cases for each of 
these specific airway devices was less than 5. Any unknown extubation statuses 
that could not be determined after manual chart review were also excluded (n = 
9). The remaining 967 patient cases were used for further analysis in this 
retrospective study. 
 
Statistical Analysis 
 
SET times were calculated by measuring the time from surgery end to the 
time when the patient was moved out of the operating room. Frequencies were 
calculated for all categories within each variable. Median SET time, surgery 
duration, and PACU duration were calculated for the patient cases. The 967 
cases were arranged by SET time and dichotomized by the median SET time (14 
minutes) into two groups (≤14 minutes and >14 minutes). All statistical analyses 
were completed in SAS© (Statistical Analysis Software) v9.3 (SAS Institute, Cary, 
NC). A multivariate logistic regression was performed with the SET time as the 
binary outcome variable (≤14 minutes and >14 minutes). The predictor variables 
were ASA status (1 and 2), age groups, gender (male and female), surgery 
duration (minutes), airway device (none, mask, LMA, ETT), and extubation status 
(awake, deep, not intubated). Patient age groups were split into the following 
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pediatric age categories: 0-12 months, 13-23 months, 2-5 years, 6-11 years, 12-
18 years, and 19-21 years. These age categories were based on the pediatric 
guidelines provided by the National Institute of Child Health and Human 
Development (Williams et al., 2012).  
Airway device and extubation status were found to be moderately 
predictive of each other. Because airway device selection preceded and often 
determined extubation status in DLB procedures, there was a collinear 
relationship between the two variables. Therefore, they were analyzed in 
separate logistic models. For the first model, we looked at airway device and 
removed extubation status from the analysis. For the second model, we removed 
the mask airway device to allow for extubation status to be compared in the 
model. 
Pain scores reported by patients were categorized into low/medium pain 
and high pain categories. Because of the non-parametric distribution of the data, 
the Wilcoxon rank-sum test was used to compare surgery duration, PACU 
duration, and SET time between low/medium pain and high pain patients. The 
Spearman correlation was used to examine the association between SET time 
and PACU duration.  
All statistical tests were performed with a 0.05 level of significance (p < 
0.05).   
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Preliminary Medication Analysis 
 To minimize the confounding factors of procedure type on medication 
usage, we excluded all patient cases in which a DLB was performed in addition 
to another different procedure. We carried out manual chart reviews on all the 
original 967 cases, and we identified 177 cases in which a DLB was the only 
procedure done in the OR. The median SET time for this cohort was calculated 
to be 12 minutes. These specific cases were then divided into two groups based 
on the median SET time (≤12 minutes, >12 minutes). For these patient cases, we 
looked at the common medications that were administered in the OR with total 
dosage values. These medications consisted of acetaminophen, fentanyl, 
morphine, remifentanil, ketorolac, dexmedetomidine, ketamine, propofol and 
midazolam. All dosage values were converted to mg/kg (milligram of medication 
per kilogram of body weight) or mcg/kg (microgram of medication per kilogram of 
body weight) based on their standard dosages to adjust for body weight. The 
different drug combinations that were administered for each patient were tallied 
into a frequency table and compared between the SET time groups. 
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RESULTS 
 
Description of Predictor Variables 
From the study population of 967 patients, there were 587 males and 380 
females, with 867 patients (89.66%) having an ASA status of 2. For airway 
devices, 668 patients received an ETT, 276 patients received a mask airway 
device, and 23 patients were managed with an LMA. For extubation status, 667 
patients were extubated awake, and 24 patients were extubated deep. Because 
patients with a mask airway device were not intubated and therefore not 
extubated, there were a total of 276 patients in the not intubated category. The 
median surgery duration for these patients was 31 minutes. All predictor values 
are summarized in Table 2.  
 
Description of Outcome and Postoperative Variables 
The median SET for this population of 967 patients was calculated to be 
14 minutes. We dichotomized the patients based on the median into two groups. 
There was nearly an even split between the two groups, with 492 patients in the 
≤14 minutes group and 475 patients in the >14 minutes group.  
From this population of 967 patients, 824 patients went to the PACU, while 
the remaining patients went to the intensive care unit after the surgery. The 
median PACU duration for these 824 patients was 80 minutes. Of the 824 
patients who were in the PACU, only 761 patients reported a pain score.  
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Table 2: Statistics for predictor variables of study population. Values of 
frequency and percentage for the categories of each predictor variable are 
displayed along with surgery duration. ETT = endotracheal tube; IQR = 
interquartile range; LMA = laryngeal mask apparatus. 
 
  
Predictor Variables 
N = 967 Frequency Percent Cumulative Frequency 
Cumulative 
Percent 
Age Group     
0-12 months 230 23.78% 230 23.76% 
13-23 months 315 32.57% 545 56.36% 
2-5 years 207 21.41% 752 77.77% 
6-11 years 139 14.37% 891 92.14% 
12-18 years 62 6.41% 953 98.55% 
19-21 years 14 1.45% 967 100.00% 
      
Airway Device     
ETT 668 69.08% 668 69.08% 
Mask 276 28.54% 944 97.62% 
LMA 23 2.38% 967 100.00% 
      
Extubation Status     
Awake 667 68.98% 667 68.98% 
Not Intubated 276 28.54% 943 97.52% 
Deep 24 2.48% 967 100.00% 
      
Gender     
Male 587 60.70% 587 60.70% 
Female 380 39.30% 967 100.00% 
      
ASA Status     
1 100 10.34% 100 10.34% 
2 867 89.66% 967 100.00% 
   
Surgery Duration Median=31 minutes IQR=33 minutes 
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Collinearity Between Variables 
From running an initial logistic regression model, we found that airway 
device was moderately predictive of extubation status. An examination of the 
frequencies among the categories between these two variables showed that all 
patients with masks were not intubated and therefore had no extubation status. 
The mask airway device involved placing a plastic device over the oral and nasal 
cavities and was minimally stimulating. Because the device did not enter the 
patient’s airway, the patient’s trachea was not intubated. Of the 668 patients with 
an ETT, 6 patients were extubated deep, whereas 662 patients were extubated 
awake. Of the 23 patients with an LMA, 18 patients were extubated deep 
whereas only 5 patients were extubated awake. These results are tabulated in 
Table 3. 
 
Table 3: Extubation status by airway device for study population. This table 
displays the proportions of extubation status (awake, deep, or not intubated) 
among the different airway device categories (ETT, LMA, or mask). ETT = 
endotracheal tube; LMA = laryngeal mask apparatus. 
 
  
Extubation Status by Airway Device 
Extubation Status Airway Device 
ETT LMA Mask Total 
Awake 662 
(68.46%) 
5 
(0.52%) 
0 
(0.00%) 
667 
(68.98%) 
Deep 6 
(0.62%) 
18 
(1.86%) 
0 
(0.00%) 
24 
(2.48%) 
Not Intubated 0 
(0.00%) 
0 
(0.00%) 
276 
(28.54%) 
276 
(28.54%) 
Total 668 
(69.08%) 
23 
(2.38%) 
276 
(28.54%) 
967 
(100.00%) 
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Multivariate Logistic Regression Analysis 
 The reference group for each predictor variable was chosen based on the 
largest frequency among the categories within each variable (Table 2). For our 
first multivariate model (Table 4) in which extubation status was removed 
because of collinearity with airway device, we found that there were significant 
associations between airway devices and SET time after adjusting for age, ASA 
status, gender, and surgery duration. Patients with an LMA (p = 0.0023) or a 
mask airway device (p < 0.0001) were found to have significant differences in 
SET time compared with patients managed with an ETT. Patients with an ETT 
were 4.85 (95% confidence interval [CI]: 1.76, 13.33) times more likely to have a 
SET time higher than the median of 14 minutes, as compared with those with an 
LMA. Patients with an ETT were 2.89 (95% CI: 2.09, 3.98) times more likely to 
have a SET time higher than 14 minutes compared with those with a mask 
airway device.  
 The mask category of airway device was removed from the second model 
multivariate logistic model (Table 5) to account for the collinear relationship 
between airway device and extubation status. The removal of the mask airway 
device allowed us to examine the association between extubation status and 
SET time. There was a significant association (p = 0.0411) among patients with 
different extubation statuses. After adjusting for age, ASA status, gender, airway 
device and surgery duration, we found that patients with an awake extubation 
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were 4.22 (95% CI: 1.06, 16.95) times more likely to have a SET time higher than 
the median of 14 minutes compared with those with a deep extubation. 
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Table 4: Multivariate logistic regression of SET times with extubation status removed. Based on the p-value, 
there is a significant difference (p < 0.05) in SET time among patients with different airway devices. The extubation 
status was removed to adjust for collinearity between airway device and extubation status. N = 967; DF = degrees 
of freedom.  
 
   
Analysis of Maximum Likelihood Estimates and Odds Ratio Estimates 
Parameter 
 
DF p-value Odd Ratios 95% Confidence Interval 
Intercept 
 
1 0.7012    
Age Group 12-18 years vs 13-23 months 1 0.2506 1.401 0.788 2.489 
Age Group 19-21 years vs 13-23 months 1 0.0358 5.177 1.115 24.040 
Age Group 3-5 years vs 13-23 months 1 0.4719 0.874 0.606 1.261 
Age Group 6-11 years vs 13-23 months 1 0.8311 0.955 0.626 1.458 
Age Group 0-12 months vs 13-23 months 1 0.2832 1.217 0.850 1.740 
ASA 1 vs 2 1 0.6109 1.121 0.723 1.738 
Airway Device LMA vs ETT 1 0.0023 0.206 0.075 0.567 
Airway Device Mask vs ETT 1 <0.0001 0.346 0.251 0.478 
Gender Female vs Male 1 0.4764 0.905 0.689 1.190 
Surgery Duration  1 0.0098 1.005 1.001 1.009 
	 
29	
Table 5: Multivariate logistic regression of SET times with mask airway device removed. Based on the p-
value, there is a significant difference (p < 0.05) in SET time among patients with different extubation statuses. The 
mask airway device was removed to adjust for collinearity between airway device and extubation status. N = 967; 
DF = degrees of freedom.  
 
 
Analysis of Maximum Likelihood Estimates and Odds Ratio Estimates 
Parameter 
 
DF p-value Odd Ratios 95% Confidence Interval 
Intercept  1 0.1577    
Age Group 12-18 years vs 13-23 months 1 0.3682 1.356 0.699 2.631 
Age Group 19-21 years vs 13-23 months 1 0.0338 9.877 1.192 81.867 
Age Group 3-5 years vs 13-23 months 1 0.1624 0.742 0.489 1.127 
Age Group 6-11 years vs 13-23 months 1 0.3847 0.803 0.490 1.317 
Age Group 0-12 months vs 13-23 months 1 0.9405 0.984 0.643 1.505 
ASA 1 vs 2 1 0.6585 1.131 0.656 1.950 
Extubation Status Deep vs Awake 1 0.0411 0.237 0.059 0.943 
Airway Device LMA vs ETT 1 0.3944 0.546 0.136 2.196 
Gender Female vs Male 1 0.6920 0.938 0.682 1.289 
Surgery Duration   1 0.0648 1.004 1.000 1.007 
	30 
Pain Score and PACU Duration Analysis 
As shown in Table 6, there were 761 patients who were transported to the 
PACU and reported a pain score; 645 reported a low/medium pain score and 116 
patients reported a high pain score. From the results of a Wilcoxon rank-sum 
test, there was no significant difference (p=0.2999) in surgery duration among 
patients with low/medium pain versus high pain scores. Low/medium pain 
patients had a longer median SET time of 14 minutes compared with 12 minutes 
for high pain patients (p = 0.0376). Patients with a low/medium pain score had a 
shorter median PACU duration of 79 minutes versus 89.5 minutes in the high 
pain population (p = 0.0032).  
The Spearman correlation showed a significant (p = 0.0069) correlation 
between SET time and PACU duration for patients reporting a pain score. 
However, the strength of association is very weak (r=0.09406), indicating that the 
positive correlation between SET time and PACU duration was very small. As 
depicted in Figure 5, the data points for the PACU duration versus SET time 
were scattered and showed no apparent general trend. 
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Table 6: Wilcoxon rank-sum test comparing PACU patients with 
low/medium pain and high pain. Comparison of median values of surgery 
duration, SET time, and PACU duration between low/medium and high pain 
patient groups. IQR = interquartile range (IQR = third quartile [Q3] – first quartile 
[Q]); PACU = post-anesthesia care unit; SET = surgical end-to-transport. 
 
 
 
Figure 5: Relationship between PACU duration and SET Time for patients 
reporting pain. The scatter plot displays no apparent general trend between 
PACU duration and SET time. The Spearman correlation showed a significant 
correlation (p = 0.0069) with a weak positive correlation coefficient (r = 0.09406). 
N = 761 patients; PACU = post-anesthesia care unit; SET = surgical end-to-
transport.  
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Medication Combination Statistics 
 From the 177 patients with only DLB procedures (see Methods), we found 
that there were 100 patients with a SET time ≤12 minutes and 77 patients with a 
SET time >12 minutes. There were 147 patients in these two SET time groups 
who were administered at least one type of analgesic in the OR during the DLB 
procedure (Table 7). Over half of the medicated patients (n = 86) were 
administered only one medication, and the remaining patients were administered 
two to four medications. The most common combinations of medication were 
propofol alone and fentanyl with propofol in both SET time groups. There were 
40 patients (40.00%) receiving propofol in the ≤12 minutes group compared with 
31 patients (40.26%) in the >12 minutes group. Twenty patients (20.00%) 
received fentanyl and propofol in the lower SET time group, whereas 13 patients 
(16.88%) patients received the same combination in the higher SET time group. 
All other combination frequencies had very low frequencies and could not be 
properly evaluated within the small data set.  
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Table 7: Medication combination frequency for patients receiving only DLB 
procedures in the OR. All possible drug combinations for the patients were 
tallied and divided into SET time groups based off the median of 12 minutes. N = 
177 patients, with 100 patients in the ≤12 minutes group and 77 patients in the 
>12 minutes group; DLB = direct laryngoscopy and/or bronchoscopy; OR = 
operating room; SET = surgical end-to-transport. 
 
Medication Combination 
Number of DLB 
Patients in SET Time 
Groups 
≤12 min >12 min 
No Meds 19 11 
One Med Only  
Acetaminophen 1 2 
Fentanyl 6 3 
Dexmedetomidine 1 0 
Propofol 40 31 
Midazolam 1 0 
Remifentanil 1 0 
Two Meds Only  
Acetaminophen-Propofol 2 0 
Acetaminophen-Dexmedetomidine 0 1 
Dexmedetomidine-Fentanyl 1 0 
Fentanyl-Propofol 20 13 
Fentanyl-Midazolam 0 1 
Ketamine-Propofol 1 0 
Midazolam-Propofol 2 1 
Morphine-Propofol 2 3 
Propofol-Remifentanil 1 1 
Three Meds Only  
Dexmedetomidine-Propofol-Remifentanil 1 1 
Fentanyl-Morphine-Propofol 0 2 
Fentanyl-Propofol-Remifentanil 0 2 
Fentanyl-Midazolam-Propofol 0 2 
Fentanyl-Ketamine-Midazolam 0 1 
Ketorolac-Midazolam-Propofol 0 1 
Four Meds Only  
Dexmedetomidine-Midazolam-Propofol-Remifentanil 0 1 
Dexmedetomidine-Fentanyl-Morphine-Propofol 1 0 
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DISCUSSION 
 
As a result of the rising costs in the health care system, research has 
increasingly focused on ways to improve resource and time management, 
particularly in the perioperative environment. Improving OR efficiency by 
reducing the overall time spent in the OR allows for better allocation of resources 
and reduces health care spending for the patient and hospital. Whereas previous 
studies have examined how surgical duration variability and OR scheduling can 
affect OR time utilization for pediatric procedures, the impact of anesthetic 
management variability on OR duration has yet to be examined.  
Anesthetic management for pediatric DLB procedures can be difficult 
because of the complex nature of the pediatric airway and the need to share this 
space with the surgeon. Maintenance of the airway and the anesthetics are often 
based on the provider’s preference. In this study, we used surgical end-to-
transport (SET) time as a metric to measure the variance in these anesthetic 
practices. By identifying anesthetic variables that influence SET time (Table 1), 
we gained more insight into how certain practices can reduce SET time and 
therefore reduce the overall time spent in the OR. We were then able to evaluate 
how this specific time in the OR can affect postoperative outcomes such as pain 
scores and PACU duration.  
 When controlling for certain patient characteristics such as age, ASA 
status, gender, and surgery duration, we found that airway device management 
and extubation status were associated with SET time. Patients who were 
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managed with an ETT device were more likely to have a SET time higher than 
those who received an LMA or mask airway device (Table 4). Intubation with an 
ETT is often done to protect the patient’s airway during the procedure. The 
longer SET time among patients with an ETT may suggest that these patients 
take longer to recover from the anesthesia and consequently stay longer in the 
OR after the surgery is completed. Among patients who were intubated, those 
with awake extubations were more likely to have a SET time higher than 14 
minutes compared with patients who received a deep extubation (Table 5). 
Although awake extubations were more common in this cohort (Tables 2 and 3), 
deep extubations may result in patients reaching a stable condition sooner and 
therefore leaving the OR sooner.  
 PACU pain scores appear to be associated with SET time and PACU 
duration. Patients with low/medium pain scores were shown to have a higher 
median SET time (14 minutes) compared with those having a high pain score (12 
minutes) based on the Wilcoxon rank-sum analysis (Table 6). This may indicate 
that patients who left the OR sooner were in more pain compared with patients 
who stayed in the OR longer. However, patients with high pain had a significantly 
higher median PACU duration compared with low/medium pain patients (Table 
6). This effect, in which the length of PACU duration is associated with the level 
of postoperative pain, has been previously reported in the literature (Ganter et 
al., 2014).  
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One concern that was initially raised in this study was the effect of SET 
time on postoperative outcomes such as PACU duration. If patients require a 
longer length of stay in the PACU as a result of decreased SET times, the 
benefits of saving time and resources in the OR may be offset by increased 
PACU duration. As a result, we probed the data to find any significant association 
between SET time and PACU duration, regardless of pain scores. Although the 
correlation was significant but very weak (Figure 5), the positive nature of the 
relationship suggests that SET time does not have a negative impact on PACU 
duration. This indicates that decreasing SET time does not increase PACU 
duration and may even slightly reduce the length of stay in the PACU. 
 Analgesic medications given during DLB procedures are essential in 
providing and maintaining a stable depth of anesthesia. Various narcotics and 
sedatives are often combined to minimize side effects and provide a comfortable 
emergence from the anesthesia. We focused on identifying common drug 
combinations in patients with SET times lower or equal to the median and 
compared them with drug combinations in patients with SET times higher than 
the median. From the frequency of combinations (Table 7), we found that the 
most often administered drug combinations were propofol alone and fentanyl with 
propofol for both the lower and higher SET time groups. However, because of the 
small sample size of the combinations, we could not draw any conclusions on the 
effect of medication on SET time at this point of the study.   
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 Limitations of this study include the retrospective nature of the study 
design. Data collection was primarily done through an automatic query and may 
be inaccurate. Although missing data and inconsistencies were examined 
through manual chart review, some information was not reported or recorded 
properly in the patient records. Another limitation in the study design was 
changing the continuous SET time variable into a dichotomized categorical 
variable. This may result in a loss of information since patients were grouped into 
categories that had a wide range of SET time values. Even though we looked at 
extubation status among patients with either an ETT or an LMA, we were unable 
to expand the regression to only examine extubation status among patients who 
had an ETT airway device because of small sample size. Moreover, for the 
preliminary medication analysis, we could not make any associations between 
specific drug combinations and SET time because the sample size was too small 
after excluding all cases that were a combination of DLB and other procedures.  
 Future direction of this study will focus more on medications and 
anesthetic agents used during surgery, in addition to PACU medications. We will 
examine their impacts on SET time and postoperative outcomes. More data are 
needed to examine the possible association between specific drug combinations 
and SET time. The next step will be to review all patients cases who were 
administered the same drug combinations but were in different SET time groups. 
By controlling for the given medication, we may be able to identify variability in 
drug timing and dosage values among these patients. Furthermore, anesthetic 
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vapors and last narcotics given in the OR should be investigated to examine their 
impact on SET time.  
	39 
REFERENCES 
 
Alraiyes, A., & Machuzak, M. (2014). Rigid bronchoscopy. Seminars in 
Respiratory and Critical Care Medicine, 35(06), 671–680. 
http://doi.org/10.1055/s-0034-1395500 
 
Apfelbaum, J. L., Hagberg, C. A., Caplan, R. A., Blitt, C. D., Connis, R. T., 
Nickinovich, D. G., Ovassapian A. (2013). Practice guidelines for management of 
the difficult airway: an updated report by the American Society of 
Anesthesiologists Task Force on management of the difficult airway. 
Anesthesiology, 118(2), 251–270. 
http://doi.org/10.1097/ALN.0b013e31827773b2 
 
American Society of Anesthesiologists - ASA Physical Status Classification 
System. (2014). Retrieved March 21, 2016, from 
http://www.asahq.org/resources/clinical-information/asa-physical-status-
classification-system 
 
Baijal, R. G., Bidani, S. A., Minard, C. G., & Watcha, M. F. (2015). Perioperative 
respiratory complications following awake and deep extubation in children 
undergoing adenotonsillectomy. Pediatric Anesthesia, 25(4), 392–399. 
http://doi.org/10.1111/pan.12561 
 
Bandla, H. P., Smith, D. E., & Kiernan, M. P. (1997). Laryngeal mask airway 
facilitated fibreoptic bronchoscopy in infants. Canadian Journal of Anaesthesia = 
Journal Canadien D’anesthésie, 44(12), 1242–1247. 
http://doi.org/10.1007/BF03012770 
 
Batra P., & Holinger L. (2001). Etiology and management of pediatric 
hemoptysis. Archives of Otolaryngology–Head & Neck Surgery, 127(4), 377–382. 
http://doi.org/10.1001/archotol.127.4.377 
 
Berkenbosch, J. W., Graff, G. R., Stark, J. M., Ner, Z., & Tobias, J. D. (2004). 
Use of a remifentanil–propofol mixture for pediatric flexible fiberoptic 
bronchoscopy sedation. Pediatric Anesthesia, 14(11), 941–946. 
http://doi.org/10.1111/j.1460-9592.2004.01355.x 
 
Bravo, F., Levi, R., Ferrari, L. R., & McManus, M. L. (2015). The nature and 
sources of variability in pediatric surgical case duration. Paediatric Anaesthesia, 
25(10), 999–1006. http://doi.org/10.1111/pan.12709 
 
	40 
Chai, J., Wu, X.-Y., Han, N., Wang, L.-Y., & Chen, W.-M. (2014). A retrospective 
study of anesthesia during rigid bronchoscopy for airway foreign body removal in 
children: propofol and sevoflurane with spontaneous ventilation. Pediatric 
Anesthesia, 24(10), 1031–1036. http://doi.org/10.1111/pan.12509 
 
Chen, L., Yu, L., Fan, Y., & Manyande, A. (2013). A comparison between total 
intravenous anaesthesia using propofol plus remifentanil and volatile induction/ 
maintenance of anaesthesia using sevoflurane in children undergoing flexible 
fibreoptic bronchoscopy. Anaesthesia and Intensive Care, 41(6), 742–749. 
 
Chen, L., Zhang, X., Li, S., Liu, Y., Zhang, T., & Wu, J. (2009). The risk factors 
for hypoxemia in children younger than 5 years old undergoing rigid 
bronchoscopy for foreign body removal: Anesthesia & Analgesia, 109(4), 1079–
1084. http://doi.org/10.1213/ane.0b013e3181b12cb5 
 
Collins, S. R. (2014). Direct and indirect laryngoscopy: equipment and 
techniques. Respiratory Care, 59(6), 850–862; discussion 862–864. 
http://doi.org/10.4187/respcare.03033 
 
Costi, D., Cyna, A. M., Ahmed, S., Stephens, K., Strickland, P., Ellwood, J., 
Larsson, J., Chooi, C., Burgoyne, L., Middleton, P. (2014). Effects of sevoflurane 
versus other general anaesthesia on emergence agitation in children. The 
Cochrane Database of Systematic Reviews, 9, CD007084. 
http://doi.org/10.1002/14651858.CD007084.pub2 
 
Cote, C. J., Lerman, J., & Anderson, B. (2013). A practice of anesthesia for 
infants and children (5th ed.) (pp. 668-679). Philadelphia, PA: Saunders. 
 
Cutrone, C., Pedruzzi, B., Tava, G., Emanuelli, E., Barion, U., Fischetto, D., … 
Martini, A. (2011). The complimentary role of diagnostic and therapeutic 
endoscopy in foreign body aspiration in children. International Journal of 
Pediatric Otorhinolaryngology, 75(12), 1481–1485. 
http://doi.org/10.1016/j.ijporl.2011.08.014 
 
Delany, D. R., & Johnston, D. R. (2015). Role of direct laryngoscopy and 
bronchoscopy in recurrent croup. Otolaryngology -- Head and Neck Surgery, 
152(1), 159–164. http://doi.org/10.1177/0194599814558562 
 
Dexter, F., Epstein, R. H., Traub, R. D., & Xiao, Y. (2004). Making management 
decisions on the day of surgery based on operating room efficiency and patient 
waiting times. The Journal of the American Society of Anesthesiologists, 101(6), 
1444–1453. 
 
	41 
Dilos, B. M. (2009). Anesthesia for pediatric airway endoscopy and upper 
gastrointestinal endoscopy. International Anesthesiology Clinics, 47(3), 55–62. 
http://doi.org/10.1097/AIA.0b013e3181aeabf5 
 
Direct Laryngoscopy | Articles | Mount Nittany Health System. (n.d.). Retrieved 
February 23, 2016, from http://www.mountnittany.org/articles/healthsheets/33979 
 
Divisi, D., Di Tommaso, S., Garramone, M., Di Francescantonio, W., Crisci, R., 
Costa, A., Gravina, G., Crisci, R. (2007). Foreign bodies aspirated in children: 
role of bronchoscopy. The Thoracic and Cardiovascular Surgeon, 55(4), 249–
252. http://doi.org/10.1055/s-2006-924714 
 
Doherty, J. S., Froom, S. R., & Gildersleve, C. D. (2009). Pediatric laryngoscopes 
and intubation aids old and new. Pediatric Anesthesia, 19, 30–37. 
http://doi.org/10.1111/j.1460-9592.2009.03001.x 
 
Durbin, C. G., Bell, C. T., & Shilling, A. M. (2014). Elective intubation. Respiratory 
Care, 59(6), 825–849. http://doi.org/10.4187/respcare.02802 
 
Dutta, A., & Shouche, S. (2013). Study of efficacy of anaesthesia with propofol 
and fentanyl for rigid bronchoscopy in foreign body bronchus removal in children. 
Indian Journal of Otolaryngology and Head & Neck Surgery, 65(3), 225–228. 
http://doi.org/10.1007/s12070-011-0476-3 
 
Eijkemans, M. J. C., van Houdenhoven, M., Nguyen, T., Boersma, E., 
Steyerberg, E. W., & Kazemier, G. (2010). Predicting the unpredictable: A new 
prediction model for operating room times using individual characteristics and the 
surgeonʼs estimate. Anesthesiology, 112(1), 41–49. 
http://doi.org/10.1097/ALN.0b013e3181c294c2 
 
El-Orbany, M., Woehlck, H., & Salem, M. R. (2011). Head and neck position for 
direct laryngoscopy. Anesthesia and Analgesia, 113(1), 103–109. 
http://doi.org/10.1213/ANE.0b013e31821c7e9c 
 
Faro, A., & Visner, G. (2004). The use of multiple transbronchial biopsies as the 
standard approach to evaluate lung allograft rejection. Pediatric Transplantation, 
8(4), 322–328. http://doi.org/10.1111/j.1399-3046.2004.00199.x 
 
Ferrari, L. R., Micheli, A., Whiteley, C., Chazaro, R., & Zurakowski, D. (2012). 
Criteria for assessing operating room utilization in a free-standing children’s 
hospital. Paediatric Anaesthesia, 22(7), 696–706. http://doi.org/10.1111/j.1460-
9592.2011.03690.x 
 
	42 
Gal, J. S., Yudkowitz, F. S., & Rothschild, M. A. (2013). Pediatric Otolaryngology. 
In A. I. Levine, S. Govindaraj, & S. D. Jr (Eds.), Anesthesiology and 
Otolaryngology (pp. 333–364). Springer New York. Retrieved from 
http://link.springer.com.ezproxy.bu.edu/chapter/10.1007/978-1-4614-4184-7_20 
 
Ganter, M. T., Blumenthal, S., Dübendorfer, S., Brunnschweiler, S., Hofer, T., 
Klaghofer, R., Zollinger, A., Hofer, C. K. (2014). The length of stay in the post-
anaesthesia care unit correlates with pain intensity, nausea and vomiting on 
arrival. Perioperative Medicine, 3(1). http://doi.org/10.1186/s13741-014-0010-8 
 
Gjonaj, S. T., Lowenthal, D. B., & Dozor, A. J. (1997). Nebulized lidocaine 
administered to infants and children undergoing flexible bronchoscopy. Chest, 
112(6), 1665–1669. http://doi.org/10.1378/chest.112.6.1665 
 
Haas, C. F., Eakin, R. M., Konkle, M. A., & Blank, R. (2014). Endotracheal tubes: 
Old and new. Respiratory Care, 59(6), 933–955. 
http://doi.org/10.4187/respcare.02868 
 
Hardavella, G., & George, J. (2015). Interventional bronchoscopy in the 
management of thoracic malignancy. Breathe (Sheffield, England), 11(3), 202–
212. http://doi.org/10.1183/20734735.008415 
 
Hofferberth, S. C., Watters, K., Rahbar, R., & Fynn-Thompson, F. (2015). 
Management of congenital tracheal stenosis. Pediatrics, 136(3), e660–e669. 
http://doi.org/10.1542/peds.2014-3931 
 
Ida, J. B., & Thompson, D. M. (2014). Pediatric stridor. Otolaryngologic Clinics of 
North America, 47(5), 795–819. http://doi.org/10.1016/j.otc.2014.06.005 
 
Karmy-Jones, R., Cuschieri, J., & Vallières, E. (2001). Role of bronchoscopy in 
massive hemoptysis. Chest Surgery Clinics of North America, 11(4), 873–906. 
 
Kim, M. K., Baek, C. W., Kang, H., Choi, G. J., Park, Y. H., Yang, S. Y., Shin, H. 
Y., Jung, Y. H., Woo, Y. C. (2016). Comparison of emergence after deep 
extubation using desflurane or desflurane with remifentanil in patients undergoing 
general anesthesia: a randomized trial. Journal of Clinical Anesthesia, 28, 19–25. 
http://doi.org/10.1016/j.jclinane.2015.08.013 
 
Klučka, J., Štourač, P., Štoudek, R., Ťoukálková, M., Harazim, H., & Kosinová, 
M. (2015). Controversies in pediatric perioperative airways. BioMed Research 
International, 2015, 1–11. http://doi.org/10.1155/2015/368761 
 
	43 
Lerman, J., Sikich, N., Kleinman, S., & Yentis, S. (1994). The pharmacology of 
sevoflurane in infants and children. The Journal of the American Society of 
Anesthesiologists, 80(4), 814–824. 
 
Luce, V., Harkouk, H., Brasher, C., Michelet, D., Hilly, J., Maesani, M., … 
Dahmani, S. (2014). Supraglottic airway devices vs tracheal intubation in 
children: a quantitative meta-analysis of respiratory complications. Pediatric 
Anesthesia, 24(10), 1088–1098. http://doi.org/10.1111/pan.12495 
 
Mallampati, S. R., Gatt, S. P., Gugino, L. D., Desai, S. P., Waraksa, B., 
Freiberger, D., & Liu, P. L. (1985). A clinical sign to predict difficult tracheal 
intubation; a prospective study. Canadian Anaesthetists’ Society Journal, 32(4), 
429–434. http://doi.org/10.1007/BF03011357 
 
Masters, I. B., & Cooper, P. (2002). Paediatric flexible bronchoscopy. Journal of 
Paediatrics and Child Health, 38(6), 555–559. 
 
Meyer, K. C. (2007). Bronchoalveolar lavage as a diagnostic tool. Seminars in 
Respiratory and Critical Care Medicine, 28(5), 546–560. http://doi.org/10.1055/s-
2007-991527 
 
Moustafa, M. A. (2013). Nebulized lidocaine alone or combined with fentanyl as a 
premedication to general anesthesia in spontaneously breathing pediatric 
patients undergoing rigid bronchoscopy. Pediatric Anesthesia, 23(5), 429–434. 
http://doi.org/10.1111/pan.12081 
 
Murgu, S. D., Pecson, J., & Colt, H. G. (2010). Bronchoscopy during noninvasive 
ventilation: Indications and technique. Respiratory Care, 55(5), 595–600. 
 
Naguib, M. L., Streetman, D. S., Clifton, S., & Nasr, S. Z. (2005). Use of 
laryngeal mask airway in flexible bronchoscopy in infants and children. Pediatric 
Pulmonology, 39(1), 56–63. http://doi.org/10.1002/ppul.20139 
 
National Center for Health Statistics. Health, United States, 2014: With Special 
Feature on Adults Aged 55–64. Hyattsville, MD. 2015. Available from 
http://www.cdc.gov/nchs/data/hus/hus14.pdf#103 
 
Nicolai, T. (2001). Pediatric bronchoscopy. Pediatric Pulmonology, 31(2), 150–
164. http://doi.org/10.1002/1099-0496(200102)31:2<150::AID-
PPUL1024>3.0.CO;2-6 
 
Nicolai, T. (2011). The role of rigid and flexible bronchoscopy in children. 
Paediatric Respiratory Reviews, 12(3), 190–195. 
http://doi.org/10.1016/j.prrv.2010.10.006 
	44 
 
Niggemann, B., Haack, M., & Machotta, A. (2004). How to enter the pediatric 
airway for bronchoscopy. Pediatrics International: Official Journal of the Japan 
Pediatric Society, 46(2), 117–121. http://doi.org/10.1046/j.1442-
200x.2004.01854.x 
 
Panchabhai, T. S., & Mehta, A. C. (2015). Historical perspectives of 
bronchoscopy. Connecting the dots. Annals of the American Thoracic Society, 
12(5), 631–641. http://doi.org/10.1513/AnnalsATS.201502-089PS 
 
Passi, Y., Sathyamoorthy, M., Lerman, J., Heard, C., & Marino, M. (2014). 
Comparison of the laryngoscopy views with the size 1 Miller and Macintosh 
laryngoscope blades lifting the epiglottis or the base of the tongue in infants and 
children <2 yr of age. British Journal of Anaesthesia, 113(5), 869–874. 
http://doi.org/10.1093/bja/aeu228 
 
Patel, R. I., Hannallah, R. S., Norden, J. M., Casey, W. F., & Verghese, S. T. 
(1991). Emergence airway complications in children: A comparison of tracheal 
extubation in awake and deeply anesthetized patients. Anesthesia & Analgesia, 
73(3), 266–270. 
 
Patel, R., Uchida, D., Feola, G. P., & Meier, J. D. (2014). Bronchial artery 
pseudoaneurysm as an unsuspected cause of hemoptysis in a pediatric patient. 
Annals of Otology, Rhinology & Laryngology, 123(8), 591–595. 
http://doi.org/10.1177/0003489414525586 
 
Pathak, V., Welsby, I., Mahmood, K., Wahidi, M., MacIntyre, N., & Shofer, S. 
(2014). Ventilation and anesthetic approaches for rigid bronchoscopy. Annals of 
the American Thoracic Society, 11(4), 628–634. 
http://doi.org/10.1513/AnnalsATS.201309-302FR 
 
Pérez-Frías, J., Galdó, A. M., Ruiz, E. P., De Agüero, M. I. B. G., Montaner, A. 
E., & Aguilera, P. C. (2011). Pediatric bronchoscopy guidelines. Archivos de 
Bronconeumología (English Edition), 47(7), 350–360. 
 
Pieters, B. M., Eindhoven, G. B., Acott, C., & van Zundert, A. a. J. (2015). 
Pioneers of laryngoscopy: indirect, direct and video laryngoscopy. Anaesthesia 
and Intensive Care, 43 Suppl, 4–11. 
 
Plummer, S., Hartley, M., & Vaughan, R. S. (1998). Anaesthesia for telescopic 
procedures in the thorax. British Journal of Anaesthesia, 80(2), 223–234. 
http://doi.org/10.1093/bja/80.2.223 
 
	45 
Pugnale, M. J., Maresh, A., Sinha, P., Rossi, C., Murnick, J., & Reilly, B. K. 
(2015). Pediatric tracheal tumor masked by a history of travel: Case report and 
literature review. The Laryngoscope, 125(4), 1004–1007. 
http://doi.org/10.1002/lary.24968 
Radha, S., Afroz, T., Prasad, S., & Ravindra, N. (2014). Diagnostic utility of 
bronchoalveolar lavage. Journal of Cytology / Indian Academy of Cytologists, 
31(3), 136–138. http://doi.org/10.4103/0970-9371.145636 
 
Radhakrishnan, D., Yamashita, C., Gillio-Meina, C., & Fraser, D. D. (2014). 
Translational research in pediatrics III: bronchoalveolar lavage. Pediatrics, 
134(1), 135–154. http://doi.org/10.1542/peds.2013-1911 
 
Roofthooft, M. T. R., Douwes, J. M., Vrijlandt, E. J. L. E., & Berger, R. M. F. 
(2013). Frequency and prognostic significance of hemoptysis in pediatric 
pulmonary arterial hypertension. The American Journal of Cardiology, 112(9), 
1505–1509. http://doi.org/10.1016/j.amjcard.2013.06.034 
 
Salva, P. S., Theroux, C., & Schwartz, D. (2003). Safety of endobronchial biopsy 
in 170 children with chronic respiratory symptoms. Thorax, 58(12), 1058–1060. 
http://doi.org/10.1136/thorax.58.12.1058 
 
Semaan, R., & Yarmus, L. (2015). Rigid bronchoscopy and silicone stents in the 
management of central airway obstruction. Journal of Thoracic Disease, 7(Suppl 
4), S352–362. http://doi.org/10.3978/j.issn.2072-1439.2015.11.17 
 
Shariffuddin, I. I., & Chan, L. (2014). The paediatric airway: Normal and 
abnormal. In Z. H. Khan (Ed.), Airway Management (pp. 81–92). Springer 
International Publishing. Retrieved from 
http://link.springer.com.ezproxy.bu.edu/chapter/10.1007/978-3-319-08578-4_5 
 
Singh, A., Ghosh, D., Samuel, C., & Bhatti, W. (2010). Pediatric foreign body 
aspiration: How much does our community know? Journal of Indian Association 
of Pediatric Surgeons, 15(4), 129–132. http://doi.org/10.4103/0971-9261.72435 
 
Singh, V., & Singhal, K. K. (2015). The tools of the trade - Uses of flexible 
bronchoscopy. Indian Journal of Pediatrics, 82(10), 932–937. 
http://doi.org/10.1007/s12098-015-1869-1 
 
Sinha, V., Gurnani, D., & Barot, D. A. (2014). A study of applications of rigid 
bronchoscopy in pediatric patients. Indian Journal of Otolaryngology and Head 
and Neck Surgery: Official Publication of the Association of Otolaryngologists of 
India, 66(2), 142–144. http://doi.org/10.1007/s12070-013-0667-1 
 
	46 
Smallman, B., & Dexter, F. (2010). Optimizing the arrival, waiting, and NPO times 
of children on the day of pediatric endoscopy procedures. Anesthesia and 
Analgesia, 110(3), 879–887. http://doi.org/10.1213/ANE.0b013e3181ce6bbc 
 
Strum, D. P., Sampson, A. R., May, J. H., & Vargas, L. G. (2000). Surgeon and 
type of anesthesia predict variability in surgical procedure times. Anesthesiology, 
92(5), 1454–1466. 
 
Varghese, E., & Kundu, R. (2014). Does the Miller blade truly provide a better 
laryngoscopic view and intubating conditions than the Macintosh blade in small 
children? Pediatric Anesthesia, 24(8), 825–829. http://doi.org/10.1111/pan.12394 
 
Visner, G. A., Faro, A., & Zander, D. S. (2004). Role of Transbronchial Biopsies 
in Pediatric Lung Diseases. Chest, 126(1), 273–280. 
http://doi.org/10.1378/chest.126.1.273 
 
Williams, K., Thomson, D., Seto, I., Contopoulos-Ioannidis, D. G., Ioannidis, J. P. 
A., Curtis, S., Constatntin, E., Batmanabane, G., Hartling, L., & Klassen, T. 
(2012). Standard 6: age groups for pediatric trials. Pediatrics, 129 Suppl 3, 
S153–160. http://doi.org/10.1542/peds.2012-0055I 
 
Wolters, U., Wolf, T., Stützer, H., & Schröder, T. (1996). ASA classification and 
perioperative variables as predictors of postoperative outcome. British Journal of 
Anaesthesia, 77(2), 217–222. http://doi.org/10.1093/bja/77.2.217 
 
Zur, K. B., & Litman, R. S. (2009). Pediatric airway foreign body retrieval: surgical 
and anesthetic perspectives. Paediatric Anaesthesia, 19 Suppl 1, 109–117. 
http://doi.org/10.1111/j.1460-9592.2009.03006.x 
 
  
	47 
CURRICULUM VITAE 
 
JAMES LIU 
Year of Birth 1987 
144 Winchester St. Apt 3, Brookline, MA 02446  
(413)-348-1704 • jimmyliu87@gmail.com   
 
EDUCATION   
Boston University School of Medicine, Boston, MA 
Master of Science in Medical Sciences Expected May 2016 
 
University of Massachusetts Boston, Boston, MA  
Post-Baccalaureate Premedical Program May 2012 
 
Brandeis University, Waltham, MA 
Bachelor of Science in Biology and Health Policy May 2010 
 
PROFESSIONAL EXPERIENCE   
Boston Children’s Hospital, Boston, MA 
Pediatric Anesthesia Clinical Research Intern August 2015 – May 2016 
• Performed a retrospective chart review analyzing the impact of anesthetic 
management on operating room duration  
• Presented research study at anesthesia grand rounds and at the Society 
of Pediatric Anesthesia Conference 2016 
• Trained as an anesthetic technician and observed various pediatric 
procedures in the operating rooms 
 
Boston University Laboratory Animal Science Center, Boston, MA 
Animal Care Technician August 2012 – August 2014 
• Provided maintenance and feed for animals used for biomedical research 
purposes in a biosafety level 1 and 2 environment 
• Assisted veterinarians and researchers in performing treatments and 
injections while ensuring proper aseptic technique 
• Performed daily behavioral and physiological health checks on non-human 
primates 
 
University of Massachusetts Boston Donaldson Lab, Boston, MA 
Research Assistant June 2011- July 2012 
• Lead ongoing study investigating anxiety as a vulnerability factor for 
substance abuse in Long-Evans rats; manage several undergraduates 
	48 
• Completed various behavioral (elevated plus maze, novelty place 
preference, locomotor activity), molecular assays (immunocytochemistry 
for IEGs and other target proteins) and brain extraction for Western blots. 
• Performed various wet lab procedures including transcardial perfusions, 
cryostat microsectioning, maintaining stock solutions for general lab, 
diluting and aliquoting protein antibodies 
• Co-authored poster presentation at New England Science Symposium 
April 2012; 1st author on manuscript in preparation 
 
University of Massachusetts Boston, Boston, MA 
Animal Colony Technician August 2010 – June 2012 
• Observed and assist in minor surgical procedures such as euthanasia, 
husbandry and care of the rat and mice colonies 
• Supervised and trains other technicians in animal handling and colony 
protocol 
 
Brandeis University Lovett Lab, Waltham, MA 
Undergraduate Lab Technician May 2009 - June 2010 
• Assisted post-doctorals students in ongoing E.coli experiments involving 
replication fork repair mechanisms  
• Trained new undergraduate technicians in lab protocols and procedures 
• Performed a variety of quality control tasks and maintained overall lab 
equipment and media solutions 
 
Newton-Wellesley Hospital, Newton, MA 
Pain Clinic Volunteer Intern June 2009 - August 2009 
• Shadowed anesthesiologists and nurses through minor surgical 
procedures and interactions with patients 
• Reorganized the clinic's patient filing system and reduced overall paper 
file load 
• Presented the internship experience at Brandeis’s annual health policy 
poster forum and applied it to class research project 
 
Pioneer Valley Life Science Institute, Springfield, MA 
Student Intern May 2008 - Aug. 2008 
• Worked in a state of the art biomedical research lab conducting tumor 
angiogenesis research and identifying molecular mechanisms and growth 
factors 
• Developed advanced lab techniques such as cancer cell plating and 
sterilization methods 
• Assisted lab supervisor in ongoing experiments with culturing breast 
cancer cells, western blotting, and gel electrophoresis 
 
	49 
COMMUNITY INVOLVEMENT/ACTIVITIES 
Newton Mathnasium Instructor, Newton, MA August 2015 - Present 
• Tutors 1st-8th grade students in numerical fluency and math enrichment  
 
Boston Medical Center Volunteer, Boston, MA October 2012 - Present 
• Assists staff in the ER with providing support and information to patients 
 
Newton-Wellesley Hospital Volunteer, Newton, MA May 2009 - August 2009 
• Volunteered at hospital pre-operation center and pain clinic 
 
Community Servings Volunteer, Boston, MA December 2008 - May 2009 
• Prepared weekly nutritional meals for terminally and chronically ill patients 
and their families 
 
Brandeis Varsity Swimming Team, Waltham, MA August 2006 -May 2010 
• Record holder in 3 relays and all-time top 10 performer in 8 individual 
events 
